Highlight: Thirteen varieties of cool season grasses were tested under dryland and irrigated conditions in the Southern High Plains. All introduced varieties out-produced the two native species. Peak percent of forage protein content corresponded with peak growth periods. Sandia orchardgrass and NM-384 tall fescue were the most productive varieties under irrigation but did not survive limited irrigation. Luna pubescent wheatgrass and largo tall wheatgrass were the most resistant to limited moisture conditions and are recommended for irrigated, cool season forage planting.
The prolonged dry winters and the summer pattern of precipitation of the Southern Plains favor warm-season over cool-season plant growth.
Only one perennial cool-season grass, western wheatgrass (Agropyron smithii), is persistent on the Southern Plains. Its production, however, is limited to swales and other low places that receive runoff water. Winter wheat (Triticum spp.) also provides some grazing during the winter, but ranchers have to move the cattle off early in the year, usually about the middle of March, to allow grain production. Removal of stock from the winter pastures comes when most of the warmseason grasses are not yet ready for grazing. Availability of green forage during April, May, and June would greatly improve profits from livestock grazing in the Southern Plains. Increased stocker operations in this region make year-round green forage even more desirable.
Because of the need for extension of the green forage period, a study was established in 1966 to determine the adaptability and productivity of coolseason grasses. The objective was to determine phenological development and seasonal forage yields of 13 cool-season grasses under irrigated and dryland conditions.
Methods
The study was conducted on the Texas Tech University
Research Center, 12 miles northeast of Amarillo, Texas. The continental climate and topography of the Research Center are typical of the Southern Great Plains. The soil on the study area is a Pullman silty clay loam, which is found extensively throughout the Amarillo area. Precipitation averages 20 inches per year, coming mostly as spring and summer rain showers (Fig. 1) . The average maximum temperature of 93°F occurs in July while the average minimum of 25OF occurs in January. Additionally, all 13 species were compared under dryland and irrigated conditions.
For this trial three replications were clipped at the proper level and irrigated as soil moisture indicated. Three replications were clipped at the proper level but not irrigated except by rainfall. Three 2.9 row-ft samples were collected from each replication for each species (Fig. 2) .
During the 1968-69 season, monthly measurements of plant height, leaf length, leaf width, and number of leaves per shoot were made. Flowering period, general growth, characteristics, and tenderness of foliage were observed throughout the study.
Plant height was measured from the crown to the base of the spike, or tip of the growing point when the spike was absent. Leaf length was measured on the second leaf from the top. Leaf width was measured on the same leaf, using the mid portion of the blade. Two sets of such observations were made per species per replication.
The experimental design was a randomized block, and treatment differences were evaluated using standard analysis of variance techniques at the .OS level of significance.
Results and Discussion

Phenology and Growth Pattern
The growth patterns of the grasses were judged in the irrigated plots only. All species began fall growth by September 1. Each had a short growth period in early fall with the peak growth occurring in late spring (Fig. 3) 26  23  21  18  18  21  28  19  14  16  21  Largo tall wheatgrass  23  21  20  18  21  21  25  16  13  15  17  Alkar tall wheatgrass  24  20  20  17  19  21  27  19  13  15  18  Jose tall wheatgrass  23  22  21  18  18  20  27  19  14  16  19  Luna pubescent wheatgrass  24  23  21  (!;2  ($  32   29  19  14  15  21  Western wheatgrass  22  20  24  22  20  17  17  16 'Twenty-four samples for each species were cornposited for each sampling date through two seasons (1968-1969 and 1969-1970) (Dahl et al., 1967; and Currie and Smith, 1970) . Because of this evidence and since little is gained at the low levels of clipping, we recommend the moderate clipping heights in judging proper grazing use of these species (Table 1) . Because of the insignificant differences in production between clipping heights, the proper use height is used to discuss productivity.
Forage Yields
Three replications of each species were clipped at the proper level at monthly intervals under irrigated and nonirrigated conditions. The cumulated annual production was averaged for the 2-year period for species comparison (Table 3) .
Although a first and second year comparison is not shown, production during [1968] [1969] was approximately 50% higher than for 1969-70. The reduction in yields could be due to the residual effects of the clipping treatment, but we feel suboptimum irrigation and lack of natural precipitation ( Fig. 1) caused the differences. Also, the average production used should better represent the conditions that occur under normal management situations. Under optimum irrigation and management conditions, species yields should be higher than reported here.
The yields under irrigation should reflect the species' relative productive potential.
Under irrigation, Sandia orchardgrass and NM-384 tall fescue were the most productive species, while the two native species, Canada wildrye and western wheatgrass, were the least productive.
The tall wheatgrasses generally produced more than the intermediate and pubescent wheatgrasses, but the differences were not statistically significant. Largo tall wheatgrass produced as much
